This paper describes the process the Louisiana Department of Transportation and Development (LADOTD) used to develop a policy that allows selection of pavement type through the bid process, and discusses its application in Louisiana since 1998. The core element in this policy is the procedure named Alternate Design Alternate Bid (ADAB) using Life Cycle Cost Analysis (LCCA) to estimate the long-term costs of asphalt and concrete pavements.
INTRODUCTION
Methods of determining which type of pavement (rigid or flexible) to design for Louisiana's transportation network have varied through the years from executive decisions to committee selections based on the varied experiences of committee members. Much of the original interstate system and many US Routes and urban pavements were built as rigid pavements with the remainder designed as flexible asphalt concrete pavements. Of the state's approximately 37,000 lane miles, 10% are rigid pavements, 60% are flexible pavements, and 30% are composite pavement sections (older rigid pavements that have now been resurfaced with asphalt concrete). Until recently, a general rule for pavement selection in Louisiana was to use rigid pavement on interstates and in urban areas and flexible pavement for the remainder of the system. Engineers believe, now more than ever, that a combination of sound design procedures and improved materials and construction procedures can result in both rigid and flexible pavements that are viable choices for a wide spectrum of terrain and traffic conditions existing in the state. Economics and cost benefit to the transportation user then become variables that must be included in pavement type selection. Inclusion of these variables will complement the selection process and provide the best choices for the unique conditions and characteristics of each project location.
In 1998 the Louisiana Department of Transportation (LADOTD) began developing a process that allows selection of pavement type through the bid process. The process utilizes traditional Life Cycle Cost Analysis (LCCA) concepts to model the cost of pavement alternatives over a performance period. The selection process is then accomplished through an Alternate Design Alternate Bid (ADAB) procedure that essentially allows industry (the lowest bidder) to determine which pavement type will be constructed. This paper describes development of the procedure and the procedure's resulting implementation as a standard department policy for pavement type selection.
OBJECTIVE
The objective of implementing the ADAB process using LCCA is to allow industry to select pavement type through the bid process, enhance fair competition among paving industries, and promote a more cost-effective use of the highway construction funds. The new process will reduce the tendency for selection determination based only on lowest initial construction cost.
Additionally the process requires the agency to consider future costs of rehabilitation, traffic control, and user delay costs. Incorporation of these factors into the calculation of total costs has the potential to influence design strategy and construction sequencing with the objective of more efficiently managing traffic through the work zone.
DEVELOPMENT OF PROCESS
Process development began with the establishment of an internal committee named the Pavement Structure Review Committee (formerly the Pavement Type Selection Committee). Committee members represented functions of LADOTD that included design, construction, maintenance, research, materials, and pavement management. It also specifically included experts on asphalt and Portland cement concrete pavements within the department in addition to engineers responsible for project bid lettings. The charge of the committee was to steer pavement design engineers in developing a localized standard procedure of LCCA. Over a six-month period, the committee developed pavement performance and rehabilitation scenarios that reflected past performance and anticipated improved performance resulting from improvements in design, materials, and construction.
After the committee reached a consensus, the plan was provided to both local asphalt (Louisiana Asphalt Paving Association) and concrete (Concrete and Aggregates Association of Louisiana) associations for review and comment. Representatives of both industries were invited to attend LCCA and ADAB presentations. Comments were addressed through meetings and correspondence until a final procedure was developed.
By including both major paving industries early on in the process, the LADOTD dramatically increased the chance of developing a consensus process that all groups could endorse as fair and reasonable. LADOTD also solicited comments from FHWA and national trade associations prior to final implementation. The consensus building has allowed the department to fully implement the process as a standard procedure.
LIFE CYCLE COST ANALYSIS (LCCA)
LADOTD generally follows the FHWA's methodology recommended in its interim technical bulletin to conduct the LCCA (1). It contains all standard procedures for estimating and comparing the long-term costs of asphalt and concrete pavements over an analysis period under specific traffic and environmental conditions. The analysis period is the time horizon over which future costs are evaluated and must exceed the initial design life of the pavement. An analysis period of 40 years is used for new construction and 30 years for overlay of existing pavements.
LADOTD follows the FHWA's recommendations for LCCA input data unless local data is available. Examples of local input data include traffic, construction duration, costs, etc. A list of unit bid prices is continuously updated for the purpose of calculating construction costs. Unit bid prices include both material and labor costs. It is important to note that only differential costs are considered between alternates in the LCCA. Common costs such as mobilization, signing, utility relocation, earthwork, etc. are not included. Standard production rates of construction are also continuously updated and used to calculate times of construction.
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The activity timing for future rehabilitation is indicated in Table 1 . Assumptions for flexible pavements include mill and overlay at years 15 and 30. Assumptions for rigid pavements include patching with joint resealing at year 20 and additional patching along with surface retexturing at year 30.
The procedure and assumptions recognize improvements in both flexible and rigid pavement systems. Some of the improvements in flexible pavements include implementation of SUPERPAVE for all mixes, incorporation of polymers, use of materials transfer devices, and addition of thicker stone bases. Improvements for rigid pavements include thicker slabs, larger diameter coated dowel bars, reduced joint spacing, internal drainage, tied concrete shoulders, or widened lanes.
User delay costs are another important element in LCCA. Estimation of user delay costs also follows the procedure established in the interim technical bulletin of FHWA (1). The user costs considered are the differential costs between competing alternates, which means only work-zone costs are estimated. Work-zone costs result from construction and future rehabilitation that restricts the capacity of a facility and disrupt normal traffic flow. Routine maintenance is reduced with periodic rehabilitation and is not included in the analysis. Likewise, normal operating costs and accident costs are considered equal between alternates and are therefore not included.
User costs are further divided into the working day and non-working day daily user costs. In most cases, the travel capacity of a construction zone on a working day is less than the capacity on a non-working day. User costs associated with non-working days are excluded from the analysis.
An example-working sheet for calculation of LCCA is presented in Table 2 . This project on US 171 includes a comparison of two alternates: A1, a nine-inch jointed plain concrete pavement with a total initial cost of $6,221,700, and A2, a nine-inch asphalt concrete pavement with a total initial cost of $4,232,600. The LCC was calculated to be $6,949,800 for A1 and $6,340,600 for A2. Each future rehabilitation activity includes an associated construction cost and a user delay cost. These costs are totaled and discounted to present or "Year 0" costs for calculation of total LCC of each alternate.
ATERNATE DESIGN ALTERNATE BID (ADAB)
The ADAB bid model is accomplished by adding a factor "C" that represents future rehabilitation and user delay costs associated with a particular alternate to each contractors base bid "A." The "B" component is time-based bidding that may also include an incentive for early completion. The model is therefore known as A+B+C in Louisiana, and the lowest total determines the apparent low bidder. Typical time incentive/ disincentive values are indicated in Table 3 . An example bid form used for A+B+C bidding is included as Appendix A.
The implementation of ADAB, in general, may result in comparing two competing pavement structures with different total thickness between the subgrade and the final pavement surface. At LADOTD, there is also a minimum rigid pavement thickness of eight inches that causes Portland cement concrete pavements to be less competitive on routes with lower traffic volumes. A threshold of 20 percent in the difference of LCC has been adopted as a reasonable zone within which pavement types can compete. If the difference in LCCs of competing pavement types is larger than 20 percent, the pavement type with a higher LCC will be removed without entering the bidding process.
Having different earthwork quantities for alternates due to different total thickness can be avoided by holding total pavement thickness constant for all alternates. This often requires some recalculation by the designer to meet design requirements without overdesigning pavement sections. Designing projects in this manner has allowed the plan development process to flow smoothly by eliminating the need for alternate grading sections.
STEPS IN LCCA/ADAB
A standard procedure is evolving as more LCCA and ADAB projects are conducted. The current LCCA/ADAB procedure has the following steps:
1. Project selection Most LADOTD construction projects will be evaluated for inclusion in the ADAB process based on an evolving set of criteria. These criteria include, but are not limited to, AADT (annual average daily traffic), project length, minimum required concrete pavement thickness, etc. 2. Select alternative pavement design strategies for analysis periods that have specified performance periods and activity timing.
Estimate agency costs
Agency costs are the construction costs paid for by LADOTD. These are official estimates prepared by the design sections of LADOTD. These costs are estimated using information provided by the initial designs of pavement structures and their anticipated subsequent rehabilitation strategies.
Estimate user costs
User costs are estimated according to the recommendations made in the interim technical bulletin of the Federal Highway Administration (FHWA), Life-Cycle Cost Analysis in Pavement Design, publication number FHWA-SA-98-079. Only workzone user costs are estimated in the LCCA/ADAB process. The estimation of user costs requires three steps: calculate daily user costs, determine the duration of construction or rehab activities, and apply appropriate daily user costs to construction or rehab durations.
Compute net present value
The net present value (NPV) of the cash flow for each alternate is calculated as follows:
7 where the discounting factor is,
Here, n k is the year of expenditure, and i represents the discount rate. The discount rate is defined as the difference between interest and inflation rates. Typically, LA DOTD uses a 4 percent discount rate. The costs in Equation 1 represent the construction (agency) and user costs associated with the initial construction and each subsequent rehabilitation strategy. 6. Analyze results and calculate life cycle cost adjustment factor, C After the total NPV for each alternate is calculated, their results are compared. If the average difference of total NPVs between alternates is greater than 20 percent, the alternate with the lower total NPV will be selected for bidding. Otherwise, alternate pavement designs will be included in the plans and a life cycle cost adjustment factor, C, will be included in the Construction Proposal for each alternate. As part of the ADAB process, this C factor will be added to the contractor's bid. The life cycle cost adjustment factor, C, is calculated as follows:
IMPLEMENTATION OF ADAB
ADAB was first used experimentally in Louisiana through FHWA Special Experimental Project No. 14, Innovative Contracting Practices (SEP14). The project selected for this experiment was an overlay of a 4.1-mile section of continuously reinforced concrete pavement on Interstate 10 west of New Orleans, Louisiana. The objective of the experiment was to develop a bid model that would allow asphalt concrete and bonded Portland cement overlays to compete as alternates based on their LCCs. Upon calculation it was determined that the LCCs were within 20 percent over an analysis period of 30 years.
The project was advertised and five bids were received. Four contractors submitted bids for asphalt overlay and one contractor submitted a bid for bonded concrete overlay. The asphalt overlay alternate was selected based on the A+B+C bid model. The process was considered successful because of industry's understanding of the bid process and acceptance of the results. While comments were received from both industries suggesting modifications to the process, there were no legal challenges or requests that the agency discontinue the process.
Following Experimental Project No. 14, ADAB has gradually been adopted as the standard procedure for determining pavement type for projects with sufficient traffic to enable the two alternate pavement types to compete. As of July 2003, there have been seven projects let using the bid model, resulting in selection of four flexible and three rigid pavements for construction. Typical bid results from two of the seven projects are included in Tables 4 and 5. Tables 4 and 5 To determine any trends with respect to costs, unit bid prices are being monitored as projects using the process are let. Figure 2 indicates the scatter of unit bid items expressed in dollars per square foot. It is hoped that with additional competition, bid prices will result in construction savings. Figure 3 indicates the trend of saving funds generated as the ADAB process is further implemented. Savings are implied as a result of comparison between bid prices and department estimates of construction costs that are based upon the historical statewide weighted-average unit costs.
INDUSTRY OBSERVATIONS AND COMMENTS
Throughout the process, industry has been invited to observe process development and to provide comments to the department. One of the early comments concerned the decision to assume approximately equal residual value of materials for both alternates at the end of the analysis period. The net effect is to eliminate residual value of materials in the LCCA. Impact of any differences in material value on the final results of LCCA is considered insignificant, in part due to the degree with which this value is heavily discounted. The discount factor of 4 percent results in present worth multipliers of 0.3083 and 0.2083 at years 30 and 40 respectively.
There is a reasonable argument for crediting the value of reclaimed asphalt pavement (RAP) generated during interim rehabilitation activities; however, the value of RAP is difficult to determine. The department currently includes a bid item for RAP to be retained by the contractor in accordance with state law. Current bid prices for RAP average approximately $5 per cubic yard, although industry has indicated they believe the material is undervalued at this price.
Industry also questioned the way in which the department managed the concept of remaining life of an activity at the end of the analysis period. In other words, future rehabilitation activities, such as resurfacing completed near the end of the analysis period, should receive credit for the period of time in which expected life exceeds the end of the period. For example, an overlay that is assumed to last for 15 years should receive 5 years of credit if placed 10 years prior to the end of the analysis period. The department avoids this issue by adjusting the design life of overlays to match the remaining time for the analysis period, i.e. design a 10-year overlay for 10 years remaining.
User delay cost is another potentially controversial item that continues to be evaluated. One issue is how to obtain the proper traffic data to predict traffic congestion and associated user costs. The procedure at LADOTD relies on traffic data available for the FHWA Highway Performance Monitoring System (HPMS) maintained by the department. This data is used to conduct pavement structure designs and user delay analysis. Field data indicates that traffic data, such as AADT, traffic hourly distribution, the composition of vehicle types, truck percentage, etc., is dynamic and varies daily. Adjustment factors are used to obtain representative values over a year for design use. Among them are the daily adjustment factors that account for variation of traffic within a week, and the seasonal adjustment factors that account for the variation of traffic among different months.
Another comment is that LCCA is based on AADT data, and the information regarding actual construction timing is not available when ADAB is conducted. This means the traffic data used will not necessarily match the real traffic during construction. Available information indicates that the resulting difference of user delays is within 10 percent (2). While prediction of traffic data will always be a challenge, any inaccuracies are applied to analysis of both alternates in the same direction, either conservatively or otherwise.
Additional industry comments concern the inability to model positive attributes or advantages of one pavement type over another, such as better ride, quieter ride quality, or reduced tendency to skid or hydroplane. Current LCCA models are inadequate to quantify benefits from such attributes.
ADDITIONAL DEVELOPMENT
The implementation of ADAB with LCCA in Louisiana appears to be a successful process and has achieved some positive results. Continued improvements in the procedure can be expected with work in the following areas: improving the accuracy of estimating user delay costs and expanding the LCCA from four and multi-lane highways to two-lane highways. Development of a model for two-lane facilities is underway.
User delay cost is not an agency cost; it is the price paid by road users resulting from delay caused by construction activities. Improved estimation of user delay costs will promote the advancement of construction technology management and benefit the users of public facilities. Further consideration should be extended to factors such as traffic detour cost, the impact of traffic variation within a year on LCC, the interaction between construction zones and traffic patterns, etc. In the two-lane highway situation, the relationship between user delay cost and traffic control techniques should be studied.
CONCLUSIONS
The LADOTD's experience with the established process development and application of Alternate Design Alternate Bid (ADAB) using Life Cycle Cost Analysis (LCCA) appears successful and productive, and the process is generally accepted as a means to expand competition while maintaining a fair competitive bidding process. The following factors contributed to successful implementation:
• Agency internal consensus on ADAB and LCCA was established first through a special committee of department experts so that the LADOTD had a reasonable process to present to industry.
• Future pavement performance and rehabilitation activities were predicted from both past performance of pavements in Louisiana and expected additional service life attributable to improved design, material, and construction procedures.
• The LADOTD included both major paving industries early on in process development. Early involvement increased the chance of developing a consensus process that all groups could endorse as fair and reasonable.
• Comments were solicited from FHWA and national trade associations as well prior to final implementation.
• LCCA conducted for ADAB in Louisiana followed FHWA's methodology and recommendations.
• A 20 percent threshold value in difference of LCCs was adopted to establish a reasonable interval in which pavement systems are likely to compete. This will serve to avoid unnecessary evaluation of alternates where traffic volume and load is too low for pavement systems to reasonably compete.
• The results from the implementation of ADAB using LCCA in Louisiana suggests a trend toward reduced contract bid prices, possibly due to added competition.
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